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/LPHVWDELOL]DWLRQUHIHUVWRWKHVWDELOL]DWLRQRIVRLOE\WKHDGGLWLRQRIEXUQHGOLPHVWRQHSURGXFWVHLWKHUFDOFLXP
R[LGHTXLFNOLPH&D2RUFDOFLXPK\GUR[LGHK\GUDWHGOLPH&D2+,WLVZHOONQRZQWKDWWKHVWDELOL]DWLRQZLWK
TXLFNOLPHDSSHDUVDPRUHHIIHFWLYHVWDELOL]HURIVRLOWKDQK\GUDWHGOLPH%HOO
/LPHFOD\UHDFWLRQVRFFXUYLDWZRGLVWLQFWSURFHVVHVUDSLGLRQH[FKDQJHUHDFWLRQVNQRZQDVVRLOLPSURYHPHQWRU
PRGLILFDWLRQ DQG VORZHU VRLOOLPH SR]]RODQLF UHDFWLRQV NQRZQ DV VWDELOL]DWLRQVROLGLILFDWLRQ /LPH PRGLILFDWLRQ
RFFXUV IURP UHSODFHPHQW RI H[FKDQJHDEOH LRQV RI WKH VRLO ZLWK FDOFLXP LRQV UHOHDVHG E\ OLPH 7KH LQFUHDVHG
H[FKDQJHDEOHFDOFLXPLRQFRQFHQWUDWLRQLQFUHDVHVWKHIORFFXODWLRQRIFOD\SDUWLFOHVDQGWUDQVIRUPVWKHSODVWLFVRLOWR
DJUDQXODUDQGOHVVSODVWLFPDWHULDO5DRDQG6KLYDQDQGD
6RLO FRPSDFWLRQ LV HIIHFWLYH DQG LV UHDOL]HG RQ VLWH DW PRLVWXUH OHYHOV FORVH WR RSWLPDO FKDUDFWHULVWLFV RI
FRPSDFWLRQ7KHVRLOVZLWKKLJKPRLVWXUHFRQWHQWKLJKHUWKDQWKHRSWLPXPPRLVWXUHFRQWHQWIRUFRPSDFWLRQRIWHQ
SUHVHQW GLIILFXOWLHV LQ FRQVWUXFWLRQ RSHUDWLRQV ,Q SHULRGV RI H[FHVV PRLVWXUH SURGXFHG E\ KHDY\ UDLQIDOO RU
VQRZPHOWPRLVWXUHUHGXFWLRQLVREWDLQHGE\DGGLQJOLPH7KLVPHWKRGZDVDSSOLHGLQRUGHU WREXLOGDFRPSDFWHG
FXVKLRQ FRQVLVWLQJ RI WZR W\SHV RI FRKHVLYHPDWHULDOV VLOW\ FOD\ZLWKPRLVWXUH FRQWHQWZLWK  KLJKHU WKDQ WKH
RSWLPXPRIFRPSDFWLRQDQGORHVVFROODSVLEOHVRLOZLWKPRLVWXUHFRQWHQWZLWK«KLJKHUWKDQWKHRSWLPDORI
FRPSDFWLRQ
7KLVSDSHUSUHVHQWVDQH[WHQVLYHODERUDWRU\WHVWVFRQGXFWHGWRGHWHUPLQHWKHRSWLPDOSHUFHQWDJHRITXLFNOLPHWR
UHGXFH WKH H[FHVVLYH PRLVWXUH WR WKH RSWLPDO RI FRPSDFWLRQ WKH GHJUHH RI FRPSDFWLRQ DFKLHYHG E\ PL[LQJ LQ
FRPSDULVRQ WR WKH FRPSDFWHG XQWUHDWHG PDWHULDO DQG WKH PHWKRGRORJ\ IRU FRQGXFWLQJ WKH PL[WXUH DQG WKH
FRPSDFWLRQRQVLWH

0DWHULDOVDQGPHWKRGV
)RUWKHFRQVWUXFWLRQRIDFRPSDFWHGFXVKLRQFRQVLVWLQJRIWZRW\SHVRIFRKHVLYHPDWHULDOVEURZQLVKVLOW\FOD\
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6RLOVDPSOHVZHUHWDNHQIURPWKHVLWHLQDGLVWXUEHGVWDWHDQGDFFRUGLQJWRWKHOHJLVODWLRQVWDQGDUGVLQIRUFHZHUH
GHWHUPLQHGWKHJUDLQVL]HGLVWULEXWLRQPRLVWXUHFRQWHQWDQGSODVWLFLW\OLPLWWHVWV7DEOH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7DEOH3K\VLFDOSURSHUWLHVRIWKHVRLOV
6RLOFKDUDFWHULVWLFV %URZQLVKVLOW\FOD\ <HOORZLVKVLOW\FOD\ORHVV
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,QRUGHU WR GHWHUPLQH WKH RSWLPDO FKDUDFWHULVWLFV RI FRPSDFWLRQ WKH VWDQGDUG3URFWRU WHVWVZHUHSHUIRUPHGRQ
ERWKW\SHVRIVRLOVRQEURZQLVKVLOW\FOD\DQGRQ\HOORZLVKVLOW\FOD\ORHVV
$FFRUGLQJ WR WKHYDOXHVRI WKHPRLVWXUHFRQWHQW IRU WKHQDWXUDOPDWHULDOV LW LVQHFHVVDU\ WRPL[ WKHQDWXUDOVRLO
ZLWKVRPHSHUFHQWDJHVRITXLFNOLPHLQRUGHUWRDFKLHYHWKHRSWLPXPFKDUDFWHULVWLFVRIFRPSDFWLRQ
7KH WZR W\SHV RI VRLO ZHUHPL[HGZLWK GLIIHUHQW SHUFHQWDJHV RI TXLFNOLPH LQ RUGHU WR GHWHUPLQH WKH RSWLPDO
SHUFHQWDJHUHTXLUHGWRUHGXFHWKHPRLVWXUHFRQWHQWRIWKHVRLOIURPLQLWLDOPRLVWXUHFRQWHQWWRWKDWPRLVWXUHFRQWHQW
FORVHWRWKHRSWLPDORIFRPSDFWLRQ
$IWHU WKH UHGXFWLRQ RI WKH LQLWLDOPRLVWXUH FRQWHQW RI WKH VRLO WKHPHFKDQLFDO SDUDPHWHUVZHUH GHWHUPLQHG E\
ODERUDWRU\WHVWVLQRUGHUWRYHULI\LIDQLPSURYHPHQWZDVDFKLHYHG
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,QRUGHUWRHVWDEOLVKWKHPHWKRGRORJ\IRUFRQGXFWLQJWKHPL[WXUHDQGWKHFRPSDFWLRQRQVLWHLWZDVIROORZHGWKH
YDULDWLRQRIWKHWHPSHUDWXUHDQGWKHPRLVWXUHFRQWHQWLQWLPH

5HVXOWVDQGGLVFXVVLRQV
6WDQGDUG3URFWRUFRPSDFWLRQWHVWVZHUHSHUIRUPHGRQERWKW\SHVRIQDWXUDOVRLOVRQEURZQLVKVLOW\FOD\DQGRQ
\HOORZLVKVLOW\FOD\ORHVV7KHRSWLPDOSDUDPHWHUVRIFRPSDFWLRQZHUHGHWHUPLQHGE\3URFWRUFRPSDFWLRQFXUYH
)LJ  ,Q RUGHU WR GHWHUPLQH WKH FRPSUHVVLELOLW\ SDUDPHWHUV RHGRPHWULF FRPSUHVVLRQ WHVWVZHUH SHUIRUPHG RQ
VDPSOHVDURXQGWKHRSWLPDOSDUDPHWHUVRIFRPSDFWLRQ

 
)LJ&RPSDFWLRQFXUYHVIRUEURZQLVKVLOW\FOD\DQG\HOORZLVKVLOW\FOD\
%\PL[LQJ VRLOZLWKTXLFNOLPHPRLVWXUH UHGXFWLRQ LVREWDLQHGGXH WR DQ H[RWKHUPLF UHDFWLRQRI H[WLQJXLVKLQJ
OLPH1LFROHVFX
7KHILUVWUHDFWLRQEHWZHHQTXLFNOLPHDQGVRLOFDQEHVHHQE\WKHPRLVWXUHFRQWHQWYDULDWLRQLQWLPH
,QWKLVFDVHDEURZQLVKVLOW\FOD\VDPSOHJRIGU\VRLOKDVEHHQEURXJKWWRDPRLVWXUHFRQWHQWRIDSSUR[
 DQG ZDV PL[HG IRU  PLQXWHV ZLWK  RI TXLFNOLPH 7KH PRLVWXUH FRQWHQW DQG VRLO WHPSHUDWXUH ZHUH
PHDVXUHG LQ WLPH7KH VDPSOHZDVPDLQWDLQHG LQ ODERUDWRU\ FRQGLWLRQV DPELHQW WHPSHUDWXUHDERXW& DQG DW
HYHU\  PLQXWHV ZDV KRPRJHQL]HG DQG VDPSOHV ZHUH WDNHQ IRU PRLVWXUH FRQWHQW GHWHUPLQDWLRQ 7KH VRLO
WHPSHUDWXUHZDVPHDVXUHGSHULRGLFDOO\)LJVKRZVWKHYDULDWLRQRIWHPSHUDWXUHDQGPRLVWXUHFRQWHQWLQWLPH,Q
WKLV ILJXUHFDQEHVHHQ WKDW WKHVDPSOH WHPSHUDWXUHUHDFKHVDYDOXHRI&DIWHUPLQXWHVRIPL[LQJ WKHVRLO
ZLWKTXLFNOLPH7KHPRLVWXUHFRQWHQWGHFUHDVHVZLWKLPPHGLDWHO\DIWHUWKHDGGLWLRQRIOLPHDQGUHPDLQVTXDVL
FRQVWDQW2OLQLFDQG,YDVXF

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)LJ7KHWHPSHUDWXUHDQGPRLVWXUHFRQWHQWYDULDWLRQVDIWHUTXLFNOLPHVWDELOL]DWLRQRIWKHEURZQLVKVLOW\FOD\VDPSOH2OLQLFDQG,YDVXF
7KHVDPHWHVWSURFHGXUHZDVUHSHDWHGIRUWKH\HOORZLVKVLOW\FOD\ORHVV,WZDVQRWLFHGWKDWIRUTXLFNOLPH
DGGLWLRQWKHPRLVWXUHFRQWHQWGHFUHDVHGE\)LJ
7KHDGGLWLRQRITXLFNOLPHKDVDQHIIHFWRQWKHSODVWLFLW\RIVRLOV,Q)LJLWFDQEHVHHQWKDWE\DGGLQJOLPHWKH
YDOXHV RI WKH SODVWLF OLPLW LQFUHDVH IRU ERWK VRLOV WKH YDOXH RI OLTXLG OLPLW UHJLVWHU DQ LQFUHDVH LQ WKH FDVH RI
\HOORZLVKVLOW\FOD\ORHVVDQGDGHFUHDVHLQWKHFDVHRIEURZQLVKVLOW\FOD\
$QDO\]LQJWKHH[SHULPHQWVPDGHLQRUGHUWRVHHWKHWHPSHUDWXUHDQGPRLVWXUHFRQWHQWYDULDWLRQVDIWHUTXLFNOLPH
VWDELOL]DWLRQGXHWRWKHWLPHUHDFWLRQEHWZHHQTXLFNOLPHDQGVRLO,QWKLVFDVHWKHPHWKRGRORJ\IRUFRQGXFWLQJWKH
PL[WXUHDQG WKHFRPSDFWLRQRQVLWHFDQEHPDGHDV LQ)LJ0L[LQJ WKHPDWHULDOV LVYHU\ LPSRUWDQWDQGFDQEH
PDGH LPPHGLDWHO\ DIWHU WKH OLPHZDV VSUHDG RQ VLWH WKLV FDQ EH VHHQ DIWHU WKH ODERUDWRU\ WHVWV LQZKLFK LW ZDV
QRWLFHGWKDWWKHPRLVWXUHFRQWHQWGHFUHDVHLPPHGLDWHO\DVVRRQDVWKHOLPHUHDFWVWRWKHVRLO
7KHVHVRLOVZDVVWDELOL]HGZLWKTXLFNOLPHLQRUGHUWRGHWHUPLQHWKHRSWLPXPSHUFHQWRIOLPHZKLFKUHGXFHVWKH
PRLVWXUHFRQWHQWXSWRDPRLVWXUHFRQWHQWFORVHWRWKHRSWLPDOFRPSDFWLRQPRLVWXUHFRQWHQW,QLWLDOO\WKHEURZQLVK
VLOW\FOD\VDPSOHKDVEHHQEURXJKWWRRIPRLVWXUHFRQWHQWDQGTXLFNOLPHZDVDGGHGLQGLIIHUHQWSHUFHQWDJHV
DQG)LJVKRZVWKDWLWLVQHFHVVDU\WRDGGDSSUR[TXLFNOLPHWREULQJWKHVDPSOHWRDPRLVWXUHFRQWHQW
FORVHWRRSWLPXPFRPSDFWLRQPRLVWXUHZRSW ,IWKHPROGLQJZDWHULVFORVHWRIRUWKHVDPHVRLOW\SH
WKHQHFHVVDU\SHUFHQWRITXLFNOLPHZKLFKJLYHVRSWLPXPFRPSDFWLRQPRLVWXUHRILV7KHVDPSOHVRI
EURZQFOD\WDNHQIURPWKHVLWHKDYHDPRLVWXUHFRQWHQWRIZLWKDQDYHUDJHYDOXHRIDSSUR[WKLV
WHVWZDVSHUIRUPHGWRVLPXODWH WKHVLWHFRQGLWLRQVDVFORVHO\DVSRVVLEOH LQ WKH ODERUDWRU\ WHVWV2OLQLFDQG,YDVXF
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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)LJ2QVLWHVRLOPL[LQJWHFKQRORJ\


)LJ7KHYDULDWLRQRIPRLVWXUHFRQWHQWZLWKTLXFNOLPHSHUFHQWDJHDGGHGWREURZQLVKVLOW\FOD\VDPSOH
7KHVDPHWHVWSURFHGXUHZDVSHUIRUPHGIRUWKH\HOORZLVKVLOW\FOD\ORHVVXQGHUWKHVDPHFRQGLWLRQVIRUDORHVV
VDPSOHZLWKDQLQLWLDOO\PRLVWXUHFRQWHQWRIDSSUR[E\WKHDGGLWLRQRIOLPHWKHPRLVWXUHFRQWHQWUHDFKHVD
PLQLPXP YDOXH RI  WKLV YDOXH LV PXFK KLJKHU WKDQ WKH RSWLPXP RI FRPSDFWLRQPRLVWXUH FRQWHQW ZRSW  
,QFRQFOXVLRQLIWKHPDWHULDOKDVVLPLODUSURSHUWLHVTXLFNOLPHVWDELOL]DWLRQGRHVQRWGHFUHDVHWKHPRLVWXUH
FRQWHQWHQRXJKWRDFKLHYHRSWLPXPRIFRPSDFWLRQPRLVWXUHFRQWHQW)LJ%\WKHDGGLWLRQWRTXLFNOLPHWRD
ORHVV VDPSOHZLWKPRLVWXUHFRQWHQW WKHRSWLPXPFRPSDFWLRQPRLVWXUHFRQWHQW LV UHDFKHG2OLQLFDQG,YDVXF
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,WLVQRWLFHGWKDWWKHFRPSDFWHGVDPSOHRIEURZQLVKVLOW\FOD\LVDURXQGWKHRSWLPXPRIFRPSDFWLRQERWKLQWHUPV
RI GU\ GHQVLW\ DV ZHOO DV RSWLPXPPRLVWXUH FRQWHQW E\ WKH DGGLWLRQ RI « TXLFNOLPH LI WKH LQLWLDO PRLVWXUH
FRQWHQWYDULHVEHWZHHQDQG
,Q WKHFDVHRI\HOORZLVKVLOW\FOD\ORHVV WKHFRPSDFWHGVDPSOH LVDURXQG WKHRSWLPXPRIFRPSDWLRQ LIRI
OLPHLVDGGHGWKHVDPSOHZLWKLQLWLDOPRLVWXUHFRQWHQWRIPD[LPXP2OLQLFDQG,YDVXF
7KH FRPSUHVVLELOLW\ WHVWV SHUIRUPHG RQ VWDELOL]HG FRPSDFWHG VDPSOHV UHYHDOHG WKDW WKH RHGRPHWULF PRGXOL
UHDFKHVYDOXHVHYHQKLJKHUWKDQWKHFRPSDFWHGVDPSOHVZLWKRXWDGGLWLRQRITXLFNOLPH(RHG ·
N3D
7KHWHVWVZHUHFDQFHOHGRQVDPSOHVZLWKKLJKFRQWHQWRITXLFNOLPHEHFDXVHWKHPDWHULDOEHFRPHVEUHDNDEOHDQG
LWZDVLPSRVVLEOHWRSUHVHUYHXQGLVWXUEHGVDPSOHV

&RQFOXVLRQV
$VDUHVXOWRITXLFNOLPHVWDELOL]DWLRQFDQEHFRQFOXGHGWKDWPRLVWXUHFRQWHQWOLTXLGOLPLWYDOXHVDQGRSWLPDOGU\
GHQVLWLHVGHFUHDVHZKLOHSODVWLFOLPLWVDQGRHGRPHWULFPRGXOLUHFRUGHGDQLQFUHDVH
,QRUGHUWRHVWDEOLVKWKHRSWLPXPSHUFHQWDJHRITXLFNOLPHDGGHGWRUHDFKWKHRSWLPXPRIFRPSDFWLRQPRLVWXUH
FRQWHQWLWFDQEHVHHQWKDWWKHEURZQLVKVLOW\FOD\ZLOOUHDFKWKHRSWLPXPRIFRPSDFWLRQZLWKDQDGGLWLRQRI
TXLFNOLPHLIWKHLQLWLDOPRLVWXUHFRQWHQWYDULHVEHWZHHQDQGDQGWKHORHVVRLGPDWHULDO\HOORZLVKVLOW\FOD\
ZLOOUHDFKWKHRSWLPXPRIFRPSDFWLRQZLWKDQDGGLWLRQRITXLFNOLPHLIWKHLQLWLDOPRLVWXUHFRQWHQWLVPD[LPXP

7KHH[SHULPHQWVSHUIRUPHGWRUHFRUGWKHWLPHUHDFWLRQEHWZHHQTXLFNOLPHDQGVRLOQRWLFHGWKDWPRLVWXUHFRQWHQW
GHFUHDVHLPPHGLDWHO\DVVRRQDVWKHOLPHLVDGGHG7KLVFRQFOXVLRQLQGLFDWHWKHIDFWWKDWIRULQVLWXZRUNVDIWHUWKH
VSUHDGLQJRITXLFNOLPH WKHPL[LQJDQGWKHFRPSDFWLRQVKRXOGEHSHUIRUPHGLPPHGLDWHO\ZLWKRXWKDYLQJWRZDLW
IRUDUHDFWLRQWLPH
5HIHUHQFHV
%HOO)*(QJLQHHULQJWUHDWPHQWRIVRLOV(	)16SRQLPSULQWRIWKH7D\ORU	)UDQFLV*URXS8.
&DOLQD$&DOLQD-	0LOXW06WXG\RQ/HYHOOLQJ:RUNV0DGHIRU'UDZLQJ7ULGLPHQVLRQDO0RGHOVRI6XUIDFHDQG&DOFXOXVRIWKH
9ROXPHRI(DUWKZRUN$JULFXOWXUHDQG$JULFXOWXUDO6FLHQFH3URFHGLD
&KLWX(*LRVDQX'	0DWHHVFX(7KH9DULDELOLW\RI6HDVRQDODQG$QQXDO([WUHPH7HPSHUDWXUH7UHQGVRIWKH/DWHVW7KUHH'HFDGHV
LQ5RPDQLD$JULFXOWXUHDQG$JULFXOWXUDO6FLHQFH3URFHGLD
,YDVXF72OLQLF(7KH(IIHFWRI&OD\'HVHQVLWL]DWLRQZLWK*UDQXODU0DWHULDOVRQ6ORSH6WDELOLW\$QDO\VLV$JULFXOWXUHDQG$JULFXOWXUDO
6FLHQFH3URFHGLD
.DYDN$	$N\DUK$$ILHOGDSSOLFDWLRQWROLPHVWDELOL]DWLRQ(QYLURQPHQWDO*HRORJ\SS
1LFROHVFX/&RQVROLGDWLRQDQGVWDELOL]DWLRQRIVRLOV(G&HUHV5RPDQLD
2OLQLF(	 ,YDVXF7 6RLOPL[ZLWK TXLFNOLPH IRUPRLVWXUH FRQWHQW UHGXFWLRQ WR RSWLPXPRI FRPSDFWLRQ/DERUDWRU\ DQG FDVH VWXG\
,QWHUQDWLRQDO0XOWLGLVFLSOLQDU\6FLHQWLILF*HR&RQIHUHQFH6*(06XUYH\LQJ*HRORJ\	PLQLQJ(FRORJ\0DQDJHPHQWSS
5DR6	6KLYDQDQGD35ROHRIFXULQJWHPSHUDWXUHLQSURJUHVVRIOLPHVRLOUHDFWLRQV*HRWHFKQLFDODQG*HRORJLFDO(QJLQHHULQJSS
